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ABSTRACT 

F ive- ten ths  (0.5) mm diameter (20 m i l )  80% p la t inum - 20% i r i d i u m  
w i re  was used t o  make c h r o n i c a l l y  implanted transcutaneous e lec t rodes  
f o r  use i n  14 sub jec ts  over a 19 week per iod .  

The techniques o f  imp lan ta t i on  and management a r e  descr ibed. 

The advantages and disadvantages o f  the  implanted e lec t rodes  a r e  d i s -  
cussed. 

Suggestions a r e  made t o  improve f u t u r e  a p p l i c a t i o n s .  

Colonel ,  MSC v 
Commanding 
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CHRONIC TRANSDERMAL ELECTRODES 

INTRODUCTION 

Since 1965 t h i s  Laboratory  has been reco rd ing  e lect rocard iograms o f  
pa rachu t i s t s  i n  f r e e - f a l l . 2 2  The e lec t rodes  used were 13 mm c o i n  s i l v e r  
e lec t rode  d i s c s  s e t  i n  p l a s t i c  cups. Conducting ben ton i te  and Type EC-2 
EEG e lec t rode  cream were used as e lec t rode  pastes because o f  t h e i r  r e l a -  
t i v e l y  h i g h  v i s c o s i t y  and t h e i r  res i s tance  t o  be ing pumped o u t  of the  
e lec t rode  cup by ches t  movement. The record ings  were o f  readable c l i n i c a l  
q u a l i t y ;  however, a rash  under t h e  e lec t rode  which ac ted  l i k e  d e r m a t i t i s  
venenata was a common occurrence a f t e r  t h e  second o r  t h i r d  successive day 
o f  e lec t rode  a p p l i c a t i o n .  Th is  rash  has l e f t  severa l  o f  our  sub jec ts  w i t h  
res idua l  hyperp igmentat ion and/or s u p e r f i c i a l  sca r r i ng .  

I n  1972, experiments were planned t o  extend our  exper ience w i t h  t h e  
card iovascu la r  responses o f  pa rachu t i s t s  du r ing  f r e e - f a l l  by s tudy ing  a 
s e l e c t  group o f  14 nov ice  pa rachu t i s t s  through t h e i r  f i r s t  70 jumps. Th is  
would r e q u i r e  n e a r l y  d a i l y  a p p l i c a t i o n s  o f  chest  e lec t rodes  over  a number 
o f  months. 
t e r n a t e  method o f  coup l i ng  the  man t o  t h e  recorder  was sought. 

To avo id  the  development o f  t he  rash  seen s ince  1965, an a l -  

A f t e r  a rev iew o f  t he  and some p i l o t  s tud ies  t o  eva lua te  
e lec t rode  performance i n  the  f r e e - f a l l  environment, i t  was decided t o  use 
implanted e lec t rodes  o f  0.5 mrn d iameter (20 m i l  ) p l a t i n u m - i r i d i u m  wire.  

Th is  r e p o r t  descr ibes the  techniques used f o r  imp lan ta t i on ,  and r e -  
l a t e s  our  exper ience w i t h  these c h r o n i c a l l y  implanted e lec t rodes .  

METHOD 

E i  h t y  percent  (80%) p la t i num - 20% i r i d i u m  w i r e  0.5 mm i n  diameter 
(20 m i l 7  was used t o  manufacture the  e lec t rodes .  Wire o f  t h i s  diameter 
and composi t ion i s  s t u r d y  enough t o  w i ths tand d a i l y  use, d u c t i l e  enough 
f o r  easy forming, y e t  s t i f f  enough t o  r e s i s t  i nadve r ten t  deformat ion.  

I n  a p i l o t  s tudy two loops o f  w i r e  were s t i t c h e d  subcutaneously a t  
r i g h t  angles t o  one another and t o  the  s k i n  plane. An o r d i n a r y  wh i te  
p l a s t i c  bu t ton  was s l i p p e d  over the  w i r e  ends t o  a c t  as a spacer, and 
the  w i r e  ends were then t w i s t e d  t o  a c t  as a connector pos t  (F igure  1 ) .  
S u f f i c i e n t  space was l e f t  under the  b u t t o n  t o  a l l o w  f o r  c lean ing  (F igu re  2).  
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Three such electrodes were implanted--a reference electrode over the manu- 
brium s t e rn i ,  a recording electrode over the body of the sternum a t  the 
level of the insertion of the 5 t h  costal car t i lage,  and a ground electrode 
in the anterior ax i l la ry  l i ne  a t  the level of the 7 t h  r i b  (Figure 3 ) .  

FIGURE 3 

Since we were primarily concerned with cardiac ra te  and  rhythm i n  subjects 
certain t o  be physically act ive,  t h i s  electrode mat r ix  was selected because 
i t  provided ( 1 )  a clear P wave, t h u s  f ac i l i t a t i ng  determination of rhythm; 
( 2 )  a large R-S spike for  ra te  counting; and ( 3 )  placement of the reference 
and recording electrodes over bony prominences t o  minimize electromyo- 
graphic a r t i f ac t . "  l 6  2 2  

To implant the wires, 1 %  lidocaine solution was in f i l t r a t ed  locally 
for anesthesia a f t e r  appropriate surgical s k i n  preparation. Then, a pinch 
o f  skin was elevated, and a disposable 18 gauge needle was passed t h r o u g h  
a l l  layers of the two skin folds.  
threaded inside the lumen of the needle, and the needle was withdrawn, 
leaving the wire in the needle t r a c t .  The wire was then formed i n t o  a 
U shape, with the two wire ends protruding from the skin. The procedure 
was repeated 90" i n  the plane of the skin t o  the f i r s t  implantation. An 
ordinary white plast ic  b u t t o n  was slipped over the wire ends t o  ac t  as a 
spacer, and the wire ends were then twisted together. 

S t e r i l e  platinum-iridium wire was 
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These e lec t rodes  remained i n  p lace  i n  one t e s t  sub jec t  f o r  s i x  weeks, 
w i t h  e s s e n t i a l l y  no reac t i on ,  and no i n f e c t i o n .  
c lean ing  care.  Because t h e  w i r e  t i p s  were i r r e g u l a r ,  and prot ruded,  they  
were g e n e r a l l y  kep t  covered w i t h  a smal l  adhesive dress ing  t o  prevent  t he  
w i r e  ends from ca tch ing  on c l o t h i n g ,  towels ,  wash c l o t h s ,  e t c .  They were 
e a s i l y  removed w i t h o u t  l o c a l  anesthesia l i k e  any o t h e r  w i r e  su ture  mere ly  
by c l i p p i n g  one end o f  each w i r e  where i t  e x i t e d  the  s k i n  and removing 
each w i r e  i n d i v i d u a l l y .  

The p r o t r u d i n g  w i r e  ends o f  these e lec t rodes  proved t o  be a r e a l  n u i -  
sance; consequently, a rev i sed  e lec t rode  f o r  use i n  the  t o t a l  sub jec t  pop- 
u l a t i o n  was designed t o  e l i m i n a t e  the  p r o j e c t i n g  w i r e  ends. The e lec t rode  
was a rec tangu la r  l oop  15 mm long  by 7 mm wide, fo lded 90" a t  about the 
middle o f  i t s  w i d t h  i n t o  a three-dimensional  f i g u r e  (F igure  4 ) .  Th is  
shape pe rm i t ted  the  e lec t rode  t o  l i e  f l a t  aga ins t  t he  s k i n  a f t e r  implan- 
t a t i o n  (F igure  5 ) .  The l o c i ,  and method o f  imp lan ta t i on  remained the  same. 
The e lec t rodes  were bent t o  the  shape shown i n  F igure  6 p r i o r  t o  th read ing  
t h e  longer  w i r e  end through t h e  d isposable 18 gauge needle lumen. 
t h e  remaining w i r e  end had been formed, t h e  loop was c losed w i t h  smal l  eye- 
l e t  loops, and a bead o f  epoxy was p laced a t  t h e  c l o s i n g  loops t o  p revent  
ca tch ing  o f  t h e  w i r e  ends. 

They were g i ven  no spec ia l  

When 

Three such e lec t rodes  were implanted i n  t h e  t h o r a c i c  s k i n  o f  14 sub- 
j e c t s .  The e lec t rodes  remained i n  p lace  f o r  19 weeks. 

4 
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FIGURE 6 

OBSERVATIONS 

No d i f f i cu l t i e s  of any kind were experienced w i t h  the electrodes in 
daily use for  the f i r s t  f ive weeks a f t e r  implantation. 
several subjects reported tenderness a t  the s i t e  of the electrode, and 
discharge from the skin punctures. Examination revealed mild erythema 
surrounding the implantation s i t e ;  the discharge was gray and mucinous 
in appearance, b u t  d i d  no t  appear frankly purulent. Culture grew only 
normal skin f lora .  
presses three times daily t o  the electrode s i t e s ,  and t o  remove a l l  crusts 
from the wires where they exited the skin. They each were given 250 mg of 
tetracycline four times daily by m o u t h  for  f ive days. By the second thera- 
peutic day, a l l  evidence of inflammation had subsided, and the electrode 
s i t e s  appeared normal. Dur ing  the 19 weeks o f  the study, eight subjects 
were treated a t  various times w i t h  t h i s  therapeutic regimen for complaints 
of swelling, tenderness, and discharge a t  the electrode s i t e s .  Three were 
treated on two occasions. Two subjects developed drainage t rac ts  midway 
between the two wire ex i t  o r i f ices  (Figure 7 ) .  
described treatmer,t program. 

In  the sixth week, 

The subjects were instructed t o  apply h o t ,  moist com- 

Both responded t o  the 

A R E A  
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I t  was necessary t o  be careful t h a t  the electrodes were properly po- 
sitioned a t  a l l  times. If the electrode became canted in the t r a c t  

ELECTRODE 
M 

-------lllq 
SUBEBCF 

NORMAL P O S I T I O N  

ELECTRODE ’ \  
S U R F W  

CANTED P O S I T I O N  
FIGURE 8 

and remained in t h a t  position for as l i t t l e  as 24 hours, there was suf f i -  
cient healing a t  A (Figure 8)  t o  shorten the distance between the two skin 
penetrations, and  the electrode then could n o t  be replaced without making 
a short incision in the skin a t  A t o  permit replacement. 
of the program, several electrodes were permitted t o  remain canted t o  follow 
the i r  course. Orifice healing persisted a t  A and the wire migrated a t  about  
1 mm/day toward the other skin puncture. I n  a b o u t  10-14 days,  the electrode 
was painlessly extruded, eventually being held in place only by the super- 
f i c i a l  layers of epithelium. 

Toward the end 
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I n  th ree  instances e lec t rodes  were l o s t  by avu ls ion :  two i n  f o o t b a l l  
games and one i n  a f i g h t .  
t h a t  looked as though i t  had been c u t  w i t h  a sca lpe l .  
b u t t e r f l i e s ,  and healed w i thou t  i n c i d e n t .  

I n  each case the  a v u l s i o n  wound was a c lean s l i t  
Each was c losed w i t h  

Throughout the  19 weeks o f  study, each t ime the  recorders  were at tached,  
res i s tance  was read across a l l  combinations o f  t h e  t h r e e  e lec t rodes  us ing  a 
T r i p l e t t  Model 310-C VOM. The i n t e r - e l e c t r o d e  res i s tance  was r e g u l a r l y  
25,000 ohms +5,000 ohms. About 31 lA passed through t i ssues  du r ing  the  
measurement. 

A t  the  complet ion o f  t he  study, i n  f o u r  sub jec ts  t h e  l a t e r a l  chest  
e lec t rode  was removed by e x c i s i o n  a long w i t h  an e l l i p s e  o f  surrounding 
and under l y ing  t i s s u e .  Subject  A was se lec ted  because he had exper ienced 
f requent  l o c a l  reac t i ons ,  B was se lec ted  because he was about average i n  
h i s  response t o  the  implanted e lec t rodes ,  C was se lec ted  because he had 
experienced minimal d i f f i c u l t y ,  and D was se lec ted  because he was b lack  
(though n o t  a known k e l o i d  former) .  

The pathology c u t  sec t ions  a r e  descr ibed as f o l l o w s :  

A: C .  S. - There i s  an i n t e r r u p t i o n  o f  t he  e p i t h e l i u m  
w i t h  a s inus  t r a c t  i n t o  a granulomatous process i n  
the  subjacent  dermis. The cen te r  o f  t he  t r a c t  con- 
t a i n s  degenerat ing polymorphonuclear leukocytes.  
The w a l l  o f . t h e  t r a c t  i s  a m ix tu re  o f  neut roph i les ,  
eos inoph i les  , h is tocy tes ,  macrophages , lymphocytes, 
and f o r e i g n  body g i a n t  c e l l s .  The w a l l  o f  the  
t r a c t  i s  l i n e d  w i t h  an i n t e r r u p t e d  squamous e p i -  
the l ium.  Another s e c t i o n  i s  more ch ron ic  i n  nature,  
w i t h  fewer g i a n t  c e l l s  and h i s tocy tes ,  more lympho- 
cy tes ,  and immature f i b r o b l a s t s  l y i n g  down co l l age .  
The e n t i r e  l e s i o n  i s  surrounded by a t h i c k  r i m  o f  
mature co l lagen.  Some adnexa a r e  surrounded by the  
i n f  1 amma t o r y  process. No bac t e r i  a1 c o l  o n i  es were 
seen. 

D e r m a t i t i s  , granulomatous , f o c a l ,  so l  i t a r y ,  f o r e i g n  
body, s k i n .  

B :  H. R.  - Two sec t ions  a r e  present,  one w i t h  an i n -  
t a c t  ep i the l i um and the  o t h e r  w i t h  50% o f  t he  e p i -  
t h e l i u m  miss ing.  There i s  a granulomatous process 
i n  the  dermis w i t h  the  core con ta in ing  c l u s t e r s  o f  
neu t roph i l es .  
o f  lymphocytes, h i s tocy tes ,  e p i t h e l i o i d  c e l l s ,  
macrophages, and plasma c e l l s .  

The edge o f  t he  process i s  comprised 

Some g i a n t  c e l l s  
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are  present. There are  foci of lymphocytes and 
histocytes in several areas of the surrounding 
collagen capsule. These foci contain a moderate 
amount of phagocytized hemosiderin. No bacterial 
colonies were seen. 

Dermatitis , granul  omatous , focal , sub-acute , sol i - 
t a ry ,  foreign body, skin. 

C: J .  S .  - Two sections are  present. One contains a 
c i rcular  t r a c t  lined with a thick layer of squamous 
epithelium, secreting keratin i n t o  the center.  O u t -  
side the t r a c t  are  laminations of lymphocytes, histo- 
cytes,  macrophages, and a few foreign body giant 
ce l l s .  
blasts and immature collagen. 
essent ia l ly  the same b u t  without the dermal inclu- 
sion cyst .  No bacterial colonies were seen. 

These laminations are  separated by fibro- 
The other section i s  

Dermatitis, granulomatous, sub-acute, foreign body, 
w i t h  dermal inclusion cyst ,  skin. 

D: D .  H. - There i s  a dermal inclusion cyst ,  by history 
an epithelialized sinus t r a c t  with keratin in the 
center. Outside th i s  t r a c t  are  laminations of 
chronic inflammatory ce l l s  including lymphocytes, 
macrophages, plasma cel l  s ,  epi the1 ioid ce l l s  , and 
a few giant ce l l s .  
by young plump f ibroblasts .  
ophiles i s  seen. 
thotic immediately over the lesion. 
colonies were seen. 

These laminations are  separated 
A sprinkling of eosin- 

The overlying epidermis i s  acan- 
No bacterial 

Dermatitis, granulomatous, focal , sub-acute, so l i -  
tary,  mild, with dermal inclusion cyst ,  skin. 

T h u s ,  microscopy showed considerable local reaction, mostly of a forei n 
body type, w i t h  i n f i l t r a t ion  of polymorphonuclear leukocytes (Figure 9 3 , 
round c e l l s ,  giant ce l l s  (Figure l o ) ,  and eosinophiles along the subcutaneous 
t r ac t .  
subjects, with some evidence of squamous epithelial  debris in the t r ac t  
(Figure 11) .  

s ia  much l ike  an] ord inary  wire suture. 
After the wire was removed, a palpable subcutaneous t r a c t  could s t i l l  be 
f e l t .  Two months a f t e r  removal of the electrodes, a l l  subjects reported 
healing a t  the s i t e s  of implantation w i t h  no sequelae. 

There was evidence of epi thel ia l izat ion along the t rac ts  of a l l  the 

The remainder of the electrodes were cut and removed without anesthe- 
All came out  w i t h  no diff icul ty .  

10 
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FIGURE 1.1 
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We had the opportunity t o  observe the electrode s i tes  in one subject 
five months af ter  electrode removal. A t  the manubriul s i t e ,  two lxlxl mm 
nodules could be f e l t  in the skin a t  the s i t e  of skin puncture. A t  the 
lateral thoracic s i t e ,  there were two 2 mm diameter circles of hyperpigmen- 
tation a t  the s i t e  of skin puncture, with no palpable nodules. The elec- 
trode s i t e  over the lower sternal body could n o t  be identified. 

DISCUSSION 

The technique of implanting electrodes offered several advantages for 
prolonged or repeated use: 

1 .  I t  i s  a quick and simple pro 
recorder. Attachment required only a b o u t  
generally did i t  themselves. To adequate 
standard chest disc electrodes requires a 
ject .  

ca 1 
was 
the 

2 .  Implantation assured 
y placed on repeated applicat 
no electrode movement in s i tu  
skin t o  degrade localization. 

ess t o  attach the subject t o  the 
one minute, and the subjects 
y prepare the s i t e  and attach 
minimum of five minutes per sub- 

t h a t  the electrodes were always identi- 
ons. Localization was excellent. There 
and no electrode paste t o  spread o u t  on 
There was no baseline shifting due t o  

There were no changes in battery effect-at  the electrode-skin interface. 
electrode capacitance, nor changes in impedance due t o  sweating. 
are particularly important for long term recording, especially i f  one plans 
t o  compare wave forms of electrocardiograms derived from chest leads re- 
corded on different days. 

These 

3. For chronic studies, our implanted electrodes were much cheaper 
t h a n  standard disc electrodes. 
four dollars per subject was spent for the platinum-iridium wire. The three 
lead wires were made in our own laboratory for a total cost of one dollar 
per set  (Figure 1 2 ) .  I t  i s  estimated t h a t  t o  make a comparable number of 
electrode applications using standard disc electrodes (3  electrodes/subject , 
14 subjects, 70 days of t e s t )  would have cost $139.80 for commercial dis- 
posable biadhesive discs alone. 

During five months of experience a total of 

13 



FIGURE 12 

There are ,  however , ,cer ta in  disadvantages t o  imp lan ted  e l e c t r o d e s .  

1. The major  problem we noted  was one o f  s o c i a l  acceptance. I t  
took  t h e  s u b j e c t s  a week o r  so t o  a d j u s t  t o  t h e  c a r e  t h a t  was d e s i r a b l e  
w h i l e  b a t h i n g  and when p u t t i n g  on o r  t a k i n g  o f f  t h e i r  u n d e r s h i r t s .  They 
became o b j e c t s  o f  c u r i o s i t y  t o  o t h e r  barracks-mates because t h e y  had " w i r e s  
s t i c k i n g  o u t  o f  t h e i r  ches ts . "  The i n i t i a l  a p p l i c a t i o n  o f  t w i s t e d  w i r e  
over  a b u t t o n  proved t o  be t o t a l l y  u n s a t i s f a c t o r y ,  however, t h e  eventual  
method developed was m i n i m a l l y  i n c a p a c i t a t i n g ,  and r a r e l y  caused d i f f i c u l t y  

2. Hyperkera tos is  commonly develops a t  t h e  p o i n t  where t h e  w i r e s  
l e a v e  t h e  c h e s t  ( F i g u r e  1 3 ) .  

3. Punctate s u t u r e  scars  may remain when t h e  e l e c t r o d e s  a r e  r e -  
moved. 

4. There i s  p o s s i b i l i t y  o f  l o c a l  i n f e c t i o n .  

* 

5. There i s  t h e  p o s s i b i l i t y  o f  e l e c t r o d e  r e j e c t i o n ;  however, t h i s  
can be min imized by adequate day by day care.  
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6. When epithelialization occurs along the electrode t rac t ,  
desquamated epi the1 ium sloughed into the tract  becomes a disposal problem. 

electrodes : 
Two improvements are recommended for futuf-e use o f  such implanted 

1 .  The wire we used was hard drawn. I n  the process o f  hard drawing, 
the wire i s  bathed with lubricants which can be composed of soap solutions, 
graphite, and/or  lubricant hydrocarbons. Prior t o  use, our  wire was washed 
and steam sterilized. 
in dogs,15 and iridium i s  also relatively non-reactive in tissue, i t  i s  
possible t h a t  the foreign body reactions described were due a t  least in part 
t o  residual surface materials deposited on the wire a t  the time of drawing. 
In the future, we plan t o  pay more attention t o  physical cleaning of the wire 
prior t o  implantation. 

Since platinum i s  reported t o  cause no tissue reaction 

The steps proposed are: 

15 



a. An i n i t i a l  d i p  i n t o  d ichromat ic  a c i d  c lean ing  s o l u t i o n .  

b. Rinse. 

c .  Wash w i t h  de tergent  and water i n  an u l t r a s o n i c  bath.  

d. Rinse. 

e. Thorough lavage w i t h  ch loroform.  

f. F ina l  c leans ing  w i t h  l i v e  steam p r i o r  t o  s t e r i l i z a t i o n .  

2.  To improve dra inage from the  subcutaneous t r a c t ,  and thereby 
reduce the  l i k e l i h o o d  o f  in f lammat ion a long the  t r a c t  caused by entrapped 
squamous debr is ,  t h e  subcutaneous l e n g t h  w i l l  be reduced f rom 15 mm t o  about 
h a l f  t h a t  l eng th .  

16 
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